Organic acids, deacetyl asperulosidic acid (DAA) and polyphenolic compounds in various noni (Morinda citrifolia L.) products (4 juices, 4 dry fruit powders and 2 capsules with dry fruit powder) were analyzed. Reversed-phase high-performance liquid chromatography (RP-HPLC) coupled with a variable wavelength detector (VWD) and electrospray ionization time-of-flight mass spectrometer (ESI-TOF MS) was applied for simultaneous analysis of organic acids (malic, lactic, citric and succinic acid) and DAA. An RP-HPLC method with diode-array detector (DAD) was developed for the analysis of polyphenolic compound content (rutin, catechin, quercitrin, kaempferol, gallic acid, caffeic acid and p-coumaric acid). The developed methods can contribute to better characterization of available noni products that is required from the consumers. In our study, we discovered significant dissimilarities in the content of DAA, citric acid and several phenolic compounds in some samples.
There is an ever growing interest in plants and herbs used in traditional folk medicine due to their potential health benefits, i.e. strong antioxidant properties. Morinda citrifolia L., commonly known as noni, botanically belonging to the Rubiaceae family, is one of the plants most widely used in the traditional Pacific Islands medicine. It has been shown that the main benefits of noni consumption are due to the strong antioxidant potential resulting in free radical inhibition and protection against oxidative damages of tissues and cell-membranes [1] [2] [3] . Besides, noni shows antimicrobial, antiviral and anticancer activity [4] [5] [6] [7] [8] and positively influences liver protection against fat deposition [9] .
The chemical composition of noni has not been studied in detail until quite recently [10] . Noni fruits contain many dietary important compounds such as proteins, saccharides, free amino acids, organic acids, vitamins and minerals [4] and nearly 200 polyphenolic compounds whose complete identification is yet to be finished. A detailed study about noni juice composition has been reported by Chunhieng et al. [11] , but despite description and identification of many compounds in raw noni material and related products, new compounds are still being discovered [12a,b] . A few other articles describe methods of chemical analysis of a limited number of analytes in noni plant parts [13a,b] , noni fruits [14, 15] , noni products [16, 17] and noni juices [12a,b] . Some studies have shown that the chemical composition of noni differs, depending on plant part, origin and degree of fruit maturation. Equally important is also the storage and processing.
Globalization has made products from various exotic plants available throughout the world. Noni has been increasingly marketed in Europe since 2003 [16, 18] . Noni fruits are the major source of noni food supplements, including juices, dry powders, capsules and plant extracts, available in pharmacies and special shops with dietary supplements (mostly on the Internet). The wide availability of uncontrolled noni products requires development of analytical methods able to i) assess the health benefits of the marketed products and ii) provide a reliable authenticity control. The storage and processing of noni products for transport overseas (i.e. to Europe) is required and may be one of the key aspects in the quality of noni products on the market. The importance of this aspect has been demonstrated in two recent articles by Yang et al. [2, 3] , who showed that total antioxidant activity (TAA) and total phenolic content (TPC) depended much on various sample treatments (fermentation, pasteurization, heating, freezing or exposure to light). For instance, up to 90% of TAA is lost upon three months storage at 24°C. Other sample treatments, such as heat or dehydration (major processes applied to noni products before packaging) can also significantly lower the TAA of the final product. While the measurement of TAA and TPC can provide a general overview of the potential health benefits of the formulation, it cannot provide the information on the origin of the sample, addition of taste modifiers and/or preservatives. Flavoring of noni juice with other fruit juices often occurs to render the product more palatable [18] and the analysis of organic acids can be used to identify the possible added flavoring agents. Another aspect of similar importance is the product authenticity. Recently, deacetyl asperulosidic acid (DAA) has been identified in noni products in high amounts. DAA belongs to the biologically interesting group of phytochemicals and represents one of the most characteristic analytes of noni plants. The antioxidant, antimicrobial and other benefits of DAA have been demonstrated [15,19a,b] . Since DAA presence is typical for noni plant and products thereof, it could be very well used to assess for instance the product authenticity. An analytical method able to separate simultaneously various organic acids present in noni products and DAA may be useful in elucidating the above aspects of quality control.
In this study we have developed a chromatographic method for simultaneous analysis of organic acids and DAA in various noni products (4 juices, 4 dry fruit powders and 2 capsules with dry fruit NPC Natural Product Communications 2015 Vol. 10 No. 11 1817 -1820 powder). The analysis has revealed that there are significant differences between the products with regard to the composition of either group of analytes. We show that the TAA or TPC alone may not be a useful indicator to differentiate various products, or to discover the addition of chemicals (i.e. addition of preservatives or mixing with other fruit juices). By using the simultaneous analysis of organic acids and DAA, as well as analysis of polyphenolic content, the unique composition of noni products can be revealed.
The total antioxidant activity is a general parameter that depends on actual phytochemical composition, but also relates to the sample degradation during processing, e.g. drying, heating, light exposure. TAA can provide initial information on possible health benefits of the product, but its significance should not be overestimated. Figure  1 shows a comparison of TAA (using both DPPH and ABTS methods) as well as TPC for methanolic extracts of all samples. The TAA values obtained for powder and capsule samples are slightly higher than those from fruit juices. It has been shown by Yang et al.
[2] that raw noni juice is prone to loss of its antioxidant activity upon storage. Because the products were purchased through European retailers, this may be related to the overseas transportation and storage before reaching the end consumer in Europe. The values of TAA in powders and capsules are rather consistent and typically higher than in juices, showing that the sample preparation for powder-type samples did not influence the TAA to a significant extent compared with juices. One sample (C2), however, had significantly higher levels of TAA and its composition differed in other aspects as well and will thus be discussed in detail later. Because it is generally hard to explain the observed differences using a simple parameter such as TAA, the data were supplemented by the TPC values. On the contrary to TAA, the TPC seems to be generally higher in the juice and capsule samples than in the powder samples. Multi-analyte determination of the content in noni products can be useful to supplement the obtained data. A chromatographic method for simultaneous analysis of organic acids presented in noni products and deacetyl asperulosidic acid was developed in this work and applied to the analysis of all tested products. Table 1 shows the analytical parameters of the developed method. Water-diluted noni juices and water extracts of dry fruit powders/capsules were analyzed using the developed method and malic acid, citric acid, succinic acid, lactic acid and deacetyl asperulosidic acid were detected. The identity of the compounds in noni juice and powder extract was verified using ESI-TOF MS. The quantitative analysis of all analytes was performed using the standard addition method. Obtained concentrations of organic acids are summarized in Table 2 . The most abundant was malic acid, found in all samples, ranging between 3.28 -8.81 mg/g or mg/mL. These values are consistent with the data obtained by other authors [14b]. Citric acid was detected in low concentrations in noni fruits (0.16±0.01 mg/g). In our samples, citric acid was below the LOD in most of the samples, except in J1 and C2 samples, where it exceeded by more than tenfold the values typically reported [14b]. As these two samples have significantly diverged from the other eight samples, we assume that citric acid might have been added to the final products as preservative. This was however not stated on the packages. Other acids detected in various noni products consistently and in relatively low concentrations were lactic acid (range from 0.09 to 3.40 mg/g or mg/mL) and succinic acid (range from 0.68 to 1.85 mg/g or mg/mL). In addition to the previously discussed organic acids, the developed method allowed simultaneous determination and identification of deacetyl asperulosidic acid (DAA). Its identification was confirmed using negative high-resolution mass spectrometry where the signals corresponding to [M-H]ions (m/z 389.1089) and [2M-H]ions (m/z 779.2261) were observed. The content of DAA in the samples varied from of 1.08 to 1.52 mg/mL in juices and from 0.16 to 4.34 mg/g in fruit powder, respectively (Table 2) . While the content of DAA in juices was rather constant among the samples, the amount observed in powders and capsules significantly differed.
The highest content of DAA was observed in P3 fruit powder whereas the lowest amount was detected in the C2 sample. The amount of DAA in C2 was actually very low, which is surprising, because the capsules C1 and C2 have the same country of origin (Peru) and cannot probably be explained as a different origin or on the basis of fruit maturation. The reason for such a large difference is unknown and would warrant a detailed study. Table 3 shows the analytical parameters of the used method.
The analysis of phenolic compounds is very interesting from the perspective of their content in various noni products ( Table 4 ). Note that in the capsule C2 (that had previously the lowest DAA content) the amounts of gallic acid and kaempferol are significantly higher than in the other samples. On the other hand, p-coumaric acid was not detected at all. This is very different from the results obtained for C1 capsule, originating from the same country. The measured polyphenolic profile may help explain the results of TAA and TPC in the capsule C2. It is probable that the 10-fold higher amount of gallic acid contributed significantly to the elevated TPC and TAA values of this product. It is not possible to specify exactly, how the products were modified, but the obtained data may suggest differences in product processing. The profiles of organic acids, DAA and polyphenolic compounds are helpful in detecting these issues that are not seen by the TAA or TPC measurements. Presumably a database of normal concentration distribution of organic acids, DAA and phenolic compounds in verified noni products could be measured and could serve as a reference for better quality control. The present study demonstrates that comprehensive chromatographic analysis of noni products may reveal some significant discrepancies in the composition of organic acids, DAA and polyphenolic compounds that cannot be discovered by simple spectrophotometric methods. The information about the origin, processing and chemical composition is often unavailable for products widely distributed throughout the EU. The developed methods can contribute to a better characterization of available noni products that is required from the consumers.
Experimental

Materials and sample preparation:
The following commercially available noni products were purchased via the Internet or from local pharmacies (4 juices, 4 dry fruit powders and 2 capsules with dry fruit powder): Noni plod mlety powder (50 g, F-dental, Hodonin, Czech Republic, unknown origin, P1), Noni product samples were prepared for chromatographic analysis as follows: i) Simple aqueous or methanolic extraction for TPC, TAA and analysis of organic acids and DAA. Noni powder and capsules: 1 g of dry powder was sonicated in either 5 mL of distilled water or in 5 mL of 50%, v/v, methanol for 1 h. Noni juice: 1 mL of juice was diluted 10 times with either distilled water or 50%, v/v, methanol and sonicated for 1 h. ii) Double extraction for analysis of polyphenolic compounds: 1 g of dry powder (or 8 mL of juice) was shaken with 15 mL of 50%, v/v, methanol and heated at 50°C for 1 h. Then, 7 mL of the sample was mixed with 7 mL of diethylether and shaken for 10 min. The diethylether fraction was evaporated to dryness and the residue was re-dissolved in 1 mL of 50%, v/v, methanol. All extracts were centrifuged and filtered before analysis.
Organic acids and deacetyl asperulosidic acid determination:
Aqueous extracts of powder/capsule samples and diluted juice samples were used for the simultaneous analysis of organic acids and DAA. Analyses were performed on an Agilent 6224 Accurate-Mass TOF LC-MS instrument coupled with a Phenomenex Luna C18 (2) HPLC column (250x3 mm, 5 µm). Isocratic elution at 0.5 mL/min with mobile phase containing 3%, v/v, methanol and 0.1%, v/v, formic acid was applied in all experiments. UV detector wavelength was set to 210 nm. A dual electro-spray ion source in negative mode was chosen for high-resolution MS analysis and the operating parameters were set as follows: nitrogen flow 5 L/min at 350°C, nebulizer 40 psig, capillary voltage of 4.5 kV, fragmentor voltage of 30 V and skimmer voltage of 65 V. MS were recorded from 30 to 500 m/z in all analyses. Analyses were made in triplicates and the analytes were quantified using the standard addition method. The identification of compounds was confirmed using ESI-TOF MS. Chromatograms were collected at 270 nm and evaluated using the VP-Class analytical software (version 6.13 SP2). The temperature was maintained at 25°C, and all analyses were repeated 3 times.
Analysis of polyphenolic compounds:
Determination of total phenolic content:
The total phenolic content (TPC) was measured according to the Folin-Ciocalteu method [19c] . The mixture of 1.58 mL of distilled water and 0.1 mL of Folin-Ciocalteu reagent was prepared in the test tubes and consequently either 0.02 mL of calibration standards (0, 50, 100, 250 and 500 mg/L of gallic acid) or properly diluted extracts was added. After 5 min, 0.3 mL of sodium carbonate solution (concentration of 200 g/L) was added to the test tubes and the mixtures were stored for 2 h in the dark at 20°C. Then, the absorbance was measured at 765 nm against blank (distilled water instead of sample) [20] .
Determination of total antioxidant activity:
The total antioxidant activity (TAA) measurements were carried out using the ABTS radical cation [21a] and DPPH [21b] reagents. For the ABTS method, standard stock solution of cation radical ABTS *+ consisting of 7 mM ABTS and 2.4 mM potassium persulfate were mixed and incubated at 50°C for 2 h. This solution was diluted 50 times and used as ABTS working solution. ABTS working solution (1.99 mL) was mixed with 0.01 mL of calibration standards of either gallic acid (0, 25, 50, 100 and 250 mg/L) or diluted samples in the test tubes. After 10 min, the absorbance was measured in triplicates at 734 nm against blank. For the DPPH method, a standard solution of DPPH* was prepared by dissolving 0.024 g DPPH in 100 mL of methanol. This solution was diluted 5.5-fold by methanol and 1.71 mL of reagent was added to the test tubes, followed by addition of 0.08 mL of either calibration standard of gallic acid or sample extract. The absorbance was measured after 30 min at 515 nm against blank.
